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Project Purpose 
 
 Throughout the country, municipalities are mitigating climate change by 
following the concept of sustainability and promoting themselves as “green” 
communities.  A combination of state incentives and renewable portfolio standards has 
encouraged the growth of efficient, renewable energy in some communities (US DOE, 
2009a).  Many cities are looking at ways to decrease emissions and make their 
communities as carbon neutral as possible.  In turn, energy conservation is becoming a 
bigger issue in the realm of planning.  There are several initiatives and projects that cities 
are promoting, most of which utilize renewable energy, including the installation of solar 
energy systems throughout the existing urban framework.  Local governments are 
attempting to make solar energy more accessible and affordable for homeowners and 
businesses (Herbst, 2009).  One of the most innovative methods in helping communities 
with solar energy system installation is to provide a solar energy rooftop potential map. 
 This project is intended to create a solar energy potential map for the Town of 
Chapel Hill to help with their sustainability efforts.  The map’s outcome shows the 
photovoltaic (PV) solar potential for every structure within Chapel Hill.  By using raw 
unprocessed LiDAR data, digital elevation model (DEM) data, town created GIS layers, 
and GIS spatial analyst tools, every structure’s solar area rooftop potential can be 
determined.  Once this base solar rooftop potential is calculated, suitable areas for solar 
panels can be determined through adequate solar insolation and system cost efficiency.  
These suitable areas can provide several benefits: the energy savings potential; the 
installation costs and long term monetary savings (including rebates); and the carbon 
emissions savings.  The calculations of this project are beneficial to several groups 
including the town’s government, homeowners and business owners, and the general 
public.  This project is concurrent with many of the sustainability-focused initiatives that 
Chapel Hill is committed to and will enhance the town’s efforts for energy efficiency. 
 
Background 
 
Rooftop Solar Power 
 In the U.S., the energy community has reluctantly ignored the potential of solar 
rooftops until the past decade primarily because of the high upfront cost of building a 
system (NPD Group, n.d.).  Rooftop power generation is a type of distributed generation, 
which relies on small-scale units for energy creation rather than the traditional centralized 
power plants.  Solar energy has a number of benefits including maintaining energy 
security and independence; creating zero emissions and noise pollution; and low 
operating and maintenance costs (Mantha, 2008).  Solar rooftop generation is considered 
a supplement to the traditional generation sources as a way to produce cleaner and 
cheaper energy.  Solar panel generated energy is usually ‘net-metered’, which enables 
customers to offset their consumption over a billing period by allowing their electric 
meters to turn backwards when they generate excess electricity.  In addition, net metering 
encourages customer investment in solar energy and increases the value of the generated 
electricity by allowing the “banking” of excess energy (U.S. DOE, 2009b).  
 Currently, there is a significant capacity of solar rooftop potential across the 
country.  The U.S. Energy Information Administration has estimated that the amount of 
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available single-story commercial roof space capable of supporting photovoltaic 
electrical power in the U.S. is over 481 square miles (Jeppesen, 2004).  The Energy 
Foundation concluded that all the capable commercial and residential rooftop space in the 
U.S. could accommodate up to 710,000 MW of solar electric power, which is about 75% 
of the total electricity-generating capacity in the U.S. today (2005).  
Despite all the available capacity, solar energy makes up a miniscule amount of 
our power generation, with distributed solar generation making up a fraction of that.  In 
the US, there is currently 1,106 MW of installed PV solar capacity, with only 5 MW 
existing in North Carolina (US DOE, 2009a).  The disadvantages of solar rooftop energy 
compared to traditional power generation plants include less predictability as a power 
source and is incrementally produced rather than produced at a large scale (NPD Group, 
n.d.).  Also, solar energy systems are highly dependent upon location to optimize power 
generation (NPD Group, n.d.).  Even so, distributed solar energy has many benefits 
including minimizing the building or upgrading of transmission lines; being configured to 
meet peak power needs; and diversifies the range of energy sources (NPD Group, n.d.).  
Nevertheless, there are only a handful of municipalities that have realized the benefits of 
distributed solar energy and the available rooftop energy potential through the concept of 
solar mapping. 
 
Solar Mapping Benefits 
 Within the last three years, solar mapping has become a critical tool for 
communities trying to encourage sustainable and renewable energy alternatives.  Starting 
in 2006 with San Francisco, many large cities across the county have created maps for 
their citizens.  The number of communities with solar maps is growing, as the Solar 
American Cities partnership is encouraging the development of maps within the 
program’s 25 cities (U.S DOE, 2009c). 
 Solar mapping in North Carolina is a major asset for communities due to the 
recent creation of the N.C. Solar PV Distributed Generation Program (Duke Energy, 
2009).  Duke Energy plans to install solar panels on rooftops across the state in what will 
be among the nation’s first and largest demonstrations of distributed generation (Duke 
Energy, 2009).  The company will own the panels and the electricity generated over their 
25-year lifespan while paying a rental fee to rooftop’s property owner (Duke Energy, 
2009).  By using a municipal solar map, Duke Energy and citizens can determine which 
sites are most beneficial from solar technology installation. 
 Solar mapping also further sustainability efforts as it creates information that can 
reduce greenhouse gas emissions.  It provides communities with the opportunity to 
provide a tangible solution to renewable energy.  Along with the environmental benefits, 
solar mapping creates economic development opportunities for municipalities.  Whether 
the energy created is owned by power companies or property owners, or created for 
onsite purposes or created for additional grid capacity, new energy is being produced for 
a financial incentive.  Solar mapping also helps with efforts to encourage renewable 
energy sources within planning regulations. 
 
Municipal Solar Mapping 
 Solar mapping is a mainstream tool for communities to initiate their desires to use 
renewable energy sources.  According to CH2M Hill, “solar maps radically impact 
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citizens’ ability to understand, evaluate and adopt solar energy in their homes and places 
of business” (McDermott, 2008). Solar mapping is a gateway for solar installation in 
communities as it creates a ‘solar portal’- an access point for citizens and business 
owners to specific information (Herbst, 2009). San Francisco was the first U.S. city to 
create a solar map and was soon followed by cities like Boston, Los Angeles, Berkeley, 
San Diego, Sacramento, and Portland.  The following table compares the solar energy 
production and their subsequent benefits (excluding Los Angeles and Sacramento). 
 
Comparison of Municipal Solar Energy Productions* 
 Number of 
PV Systems 
System 
Capacity (in 
MW) 
Annual 
Production 
(in MWh) 
CO2 
Savings (in 
tons) 
Energy Cost 
Savings 
Boston 57 1.9 2,280 1,306  N/A 
Portland 457 3.2 3,491 1,851 $317,994 
Berkeley 626 2.9  4,100 2,300 $538,000 
San 
Francisco 
1,622 8.5 11,254 3,725 N/A 
San Diego 5,966 54.6  N/A N/A N/A 
* Data provided from each municipality’s solar map. 
 
Municipal solar mapping has proved to be quite effective on communities that 
have initiated a public based portal.  San Francisco has seen tremendous success since 
creating the nation’s first municipal solar portal.  Since January 2010, the city has had 
1,622 PV systems installed with a total capacity of 8.5 MW and an annual production of 
11,254 MWh and an annual CO2 savings of 7,450,148 lbs (S.F. Department of the 
Environment).  PV installations have grown by 60% and have doubled the amount of 
solar electricity generated (Herbst, 2009).  The city has even used its own solar mapping 
system to install municipal solar systems, including constructing California’s largest PV 
system with 25,000 panels generating about 5 MW (S.F. Public Utilities Commission). 
Berkeley has had 626 PV systems installed with a total capacity of 2.9 MW and 
an annual production of 4,100 MWh with an annual CO2 savings of 2,300 tons per year.  
In addition, Berkeley has met 2.2% of the city’s CO2 reduction goals set within their 
action plan and saved around $538,000 in energy costs (City of Berkeley).  Portland 
currently has 457 solar energy systems with a total PV capacity of 3.2 MW and an annual 
production of 3,491 MWh with an annual CO2 savings of 3,701,027 lbs. Portland has 
also seen annual energy savings of $317,994 due to their implemented systems (City of 
Portland Bureau of Planning and Sustainability). 
In Boston, the creation of their solar map increased active systems from 37 sites 
to 57 sites, with an additional 30 systems currently planned (Epstein et al., 2008).  Since 
Fall 2008, these 57 active systems have a total capacity of 1.9 MW and an annual 
production of 2,280 MWh with an annual CO2 savings of 2,612,869 lbs.  The additional 
30 planned systems have a total capacity of 2.2 MW and an annual production of 2,640 
MWh with an annual CO2 savings of 3,025,427 lbs (City of Boston). 
San Diego has probably benefited most from creating a municipal solar map.  The 
city has more solar rooftops than any other city in California (City of San Diego).  As of 
March 2010, San Diego had 5,966 PV systems installed with a capacity of 54,643 kW 
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(City of San Diego).  San Diego has accomplished these extensive figures despite having 
detailed rooftop estimates for only three areas in San Diego (City of San Diego). 
These solar portals help solve many of the factors involved in the solar energy 
decision making process including the solar electricity potential, installation costs, 
availability of rebates, estimated energy saving, and listings of installation contractors 
(Herbst, 2009).  Along with determining factors, the solar portals are beneficial to 
communities as it increases access to information; enhances productivity and investment; 
is a public benefit; responds to state and federal goals; improves collaboration; and 
increases cost savings (Herbst. 2009).  When created as a public good, solar mapping 
provides people access to basic information in an efficient and cost-effective manner. 
 
Commercial Solar Mapping 
 Although municipal solar mapping works well as an informational tool for those 
communities that have them, most municipalities do not provide solar mapping as an 
amenity.  For those still interested in solar mapping benefits, there exists a handful of 
private solar mapping websites.  These sites typically follow similar methodology in how 
they measure solar potential, but differ in how the information can be accessed. Rather 
than mapping out entire communities, they focus purely on specific locations customers 
want analyzed. 
Private solar website portals include solarrating.ca; solar.coolerplanet.com; 
sungevity.com; roofray.com; 1bog.org; and wattbot.org. These websites typically require 
some background information of the location beyond the site’s address, whether its 
energy bill information, roof angles, or shading.  Analyses can include allowing 
consumers to draw polygons over suitable roof tops with web applications for better 
results.  Some charge a small fee or require personal information so that their experts can 
provide more accurate analysis.  This deters some individuals from using solar potential 
mapping websites, as it creates another obstacle in obtaining what is considered basic 
information.   
Other companies like Green Power Labs, GISCONS and 3 Tier Group act more 
like traditional consultant companies in regards to solar potential, providing more 
detailed solar mapping analysis.  These sites are typically used on new developments to 
maximize solar potential rather than existing structures.  Along with individual analyses, 
roofray.com has introduced new features offering mass regional modeling for 
corporations and cities.  Roofray.com provides many of the features found in municipal 
solar mapping portals including total gross and net usable surface areas, roof orientations, 
operation costs, and incentive information.  In addition, they can create a city branded 
website that shows the potential of every property, existing solar systems, and the 
community’s goals and objectives.   
Unlike public solar mapping which provides unbiased potential energy production 
information, private websites typically offer information at a price.  Public solar maps use 
publicly available data and use industry standard solar systems to create solar analyses 
for the public.  Commercial websites can provide much of the same information, but in 
addition can charge upfront costs, direct consumers to specific installation companies, or 
endorse specific solar products.  Overall private websites can offer the public useful 
information, but consumers need know that it can be biased. 
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Solar Mapping Technology 
There exist several variations of solar maps and portals for the public to use, 
whether created through public entities or private companies.  These systems usually 
involve an array of computer software application, with most using ESRI’s ArcGIS as 
their base system.  Depending upon the base data used to create a solar map, some 
systems have used supplemental applications to create more detailed analyses.  Boston 
has utilized the ESRI spatial analyst extension and flex widget to calculate data and 
present it online (City of Boston).  In addition to selecting existing buildings potential, 
the flex widget also allows users to draw polygons over suitable rooftops for solar panels 
(ESRI ArcGIS Resource Centers, 2009).  Although the flex widget is a free and useful 
tool, it does require significant web based experience and has been reported to have 
problems for other users (ESRI ArcGIS Resource Centers, 2009). 
Some solar maps use non-ESRI based software to collect data and publish it 
online.  Western cities like San Francisco, Los Angeles, Berkeley, San Diego, 
Sacramento, and Portland have all utilized CH2M Hill’s Solar Automated Feature 
Extraction (SAFE) technology to create their solar maps.  SAFE assesses the solar 
potential of buildings through a combination of aerial imagery and advanced 3D 
modeling (Herbst, 2009).  The method takes into account such factors as roof 
obstructions like air conditioning units, chimneys, and vents, azimuth, shadowing from 
other buildings, and roof slants.  SAFE also calculates total roof area in square feet, 
usable roof area for solar panels, the amount of electricity the panels can produce, the 
electricity cost reduction, and the reduction of CO2 (Palizzi, 2008).  SAFE is great 
resource for communities, yet it can be quite costly.  CH2M Hill estimates that it could 
cost as low as $20,000 for a low resolution solar map and up to $200,000 for a large high 
resolution solar map (McDermott, 2008).  The employment of SAFE in city solar maps 
will continue to grow, since CH2M Hill has a contract with the Department of Energy to 
initiate solar maps with the remaining communities on the Solar America Cities 
partnership.  This contract will allow easy comparison of solar energy potential across 
major U.S. cities as it creates uniformity in solar mapping. 
 
Solar Mapping in Smaller Communities 
 Although solar mapping has taken place in large cities across the U.S., there has 
been little effort to integrate smaller less, dense communities into the process.  Some of 
this is attributed to the lack of interest or knowledge of solar mapping, but it can also be 
justified by the lack adequate data to create a meaningful system.  In some cases, 
concerns over privacy, development costs, and staff qualifications could hinder solar map 
development (Hyams, 2009).  Major urban centers are typically looked at in utilizing 
solar energy because of the ample amount of rooftops they provide.  Although many 
urban rooftops are typically utilized for important uses, such as HVAC systems, 
skylights, green roofs, or as outdoor space, which diminish their solar roof potential.  
Having more rooftop square footage does not translate into having better rooftops for 
solar systems. 
Smaller cities in fact have at least equal if not greater solar rooftop energy 
potential than larger cities.  Much of the solar rooftop potential is dependent upon a 
community’s existing urban structure, since it affects density and available capacity.  A 
New Zealand study found that residential patterns that have a density of 18 households 
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per hectare have the greatest potential for domestic energy sustainability (Ghosh et al., 
2006). This type of density is considered more suburban rather than urban.  Areas where 
populations are not concentrated in urban areas, but rather spread out over rural areas 
typically generate more power since more space per person is related to more roof area 
(Ludwig, 2009).  Thus communities with the urban framework like Chapel Hill, North 
Carolina would have greater benefits from rooftop solar energy analysis.  Solar mapping 
is a critical tool for smaller communities like Chapel Hill to understand the quantitative 
benefits of their rooftop energy potential. 
 
Study Area 
 
Town of Chapel Hill  
 The Town of Chapel Hill, North Carolina is located in the southeast corner of 
Orange County in the state’s Piedmont region.  Chapel Hill is known as the home of the 
University of North Carolina and for being a part of the Research Triangle along with the 
communities of Durham and Raleigh.  The Town covers an area of 21.2 square miles and 
has a population of 51,519 (Town of Chapel Hill, 2010a). See Figure 1 for a map of 
Chapel Hill. 
 
Figure 1: Chapel Hill, North Carolina 
 
 
 
During the past decade, the Town of Chapel Hill has committed to the notion of 
sustainability.  Chapel Hill has taken steps in the direction of sustainability including 
qualifying as a Sierra Club “Cool City” by the U.S Council of Mayors and joining the 
Cities for Climate Protection Campaign (Town of Chapel Hill, 2010b).  Both of these 
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programs are intended to reduce the town’s fossil fuel dependency and greenhouse gas 
emissions.  Chapel Hill became the first U.S. municipality to pledge reducing carbon 
dioxide emissions to 60 percent below 2005 levels by 2050 (Town of Chapel Hill, 
2010b).  To achieve these reductions, the Town has implemented several sustainability-
focused programs. 
 The Town currently supports a revolving loan fund called the “Energy Bank”, 
which promotes installing energy efficient equipment in Town buildings. The money 
saved from the lower utilities cost of the equipment is then returned back to the fund for 
similar energy saving measures.  (Town of Chapel Hill, 2010b) The Town is committed 
to purchasing hybrid and biofuel vehicles, and constructing new Town buildings that 
prescribe to the sustainable LEED building practices, including passive and active solar 
design features (Town of Chapel Hill, 2010b).  In addition, the Town Council requires 
that any applicant of a special use permit will maximize the potential for energy 
conservation, including a “20 percent more energy efficient” feature in their development 
plans.  The town also adopted an ordinance within their Land Use Management 
Ordinance (LUMO) that precedes and provides stronger protection than the statewide 
solar access law.  Article 4.6.7.d of Chapel Hill’s LUMO includes prohibitions against 
neighborhood or homeowner’s association covenants or other conditions of sale that 
restrict or prohibit the use, installation or maintenance of solar collection devices (Town 
of Chapel Hill, 2004).  By creating a solar map, Chapel Hill will continue its efforts of 
achieving sustainability and renewable energy. 
 
Methodology 
 
GIS Model and Map Creation 
There currently exist several models and applications to create a solar energy 
map, most of which are developed either by municipalities or GIS programmers.  For this 
project, the initial model used came from the County of Los Angeles Solar Mapping 
Portal (Greninger, 2009).  See Appendix Image 1 for model.  Los Angeles based much of 
their process off of the City of San Francisco’s solar map.  The model developed by Los 
Angeles involves a standardized process in its creation and implementation, and many 
other municipalities within California have followed suit.  Although it is an effective 
mapping tool, it does require some specific data that can be hard to find. 
When collecting the data needed to implement the Los Angeles model, some data 
discrepancies occurred.  For example, Chapel Hill lacks digital surface model (DSM) 
data, which provides first-reflective topographic data of the earth’s surface containing 
cultural features such as buildings, roads, and vegetation, roads, and natural terrain 
features (Intermap, 2010).  To overcome this lack of data, a DSM like model was created 
using digital elevation model data (DEM) and raw pre-processed LiDAR data.  DEM data 
is a bare-earth model in which cultural features such as buildings, roads, and vegetation 
canopy are digitally removed (Intermap, 2010).  LiDAR is a remote sensing system that 
is based on the transmission of relatively short-wavelength laser lights and then records 
the amount of light backscattered from the terrain (Jensen, 2000). 
In addition, Chapel Hill lacked recent satellite imagery detailed enough to remove 
vegetation with the normalized difference vegetation index (NDVI) effectively.  The 
removal of vegetation was critical in extracting buildings in the Los Angeles model.  This 
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was not a major hindrance and using NDVI to help identify structures was not necessary, 
since Chapel Hill had some existing data that consolidated this processes.  Chapel Hill 
had an existing building footprints shapefile, so structures were easily identifiable and 
extracted by that layer instead.  The Chapel Hill model uses data available in most 
communities rather than inaccessible and expensive DSM data and detailed satellite 
imagery. 
Due to the differences in base data, the model used to create Chapel Hill’s solar 
energy potential solar map became very different from the initial Los Angeles model. In 
order to understand how the Chapel Hill map was created, a detailed step by step 
explanation is provided. Essentially, communities with similar base data should be able to 
use the following instructions to construct their own solar potential map. 
 First, preprocessed raw LiDAR data was obtained from NC Floodplain Mapping 
Program.  The data comes in LAS file format derived from ASCII points file format.  The 
LAS file format is a public file format for the interchange of specific information related 
to LiDAR data (ESRI ArcGIS Desktop 3.0 Help, 2009). 
After collecting the raw LiDAR data, it was converted to a useable format.  The 
data was distributed amongst 15 LAS files, and each file had to be processed in a matter 
similarly described in the geoprocessing blogposts by Clayton Crawford (2008a&b).  
This involved using the point file information tool to derive point spacing.  The LAS files 
were then converted to multipoint feature class files by using the average spacing from 
the point file information tool and establishing the coordinate system (NAD 1983 
StatePlane North Carolina FIPS 3200).  Multipoint feature class files generate multiple 
points of data across an area.  The newly created multipoint files were then converted to 
raster files.  With this conversion, three critical data steps were addressed. First, the value 
field was established to select elevation.  This involved selecting “shape” to get Z values 
from multipoint vertices.  Second, the cell assignment type was set to maximum to get 
the first returns or highest points (i.e. rooftops and treetops).  Third, the cell size was set 
to 8, which would create 8 ft2 cells.  Cell size needs to be larger than average point 
spacing to avoid too many empty or no data cells. Cell size is recommended to be several 
times larger than the average point spacing but small enough to identify larger gaps or 
voids that warrant further investigation (Crawford, 2008a).  A cell size of 8 ft2 warranted 
this outcome.  
After the LiDAR file conversion, the mosaic to new raster tool was used to 
combine the multiple raster datasets into a single file, which made file management 
easier.  In addition, by selecting the maximum mosaic method (i.e. highest points), the 
output cell value of the overlapping area would be selected and would eliminate some the 
empty value cells.   
At this point, all of the maximum LiDAR values for Chapel Hill existed on one 
file, but there were missing data cells even at 8 foot resolution.  The missing cells were 
due to return errors from the unprocessed data, which resulted in imagery with a salt and 
pepper effect.  To solve for these errors, a conditional (Con) expression in the spatial 
analyst calculator was applied on the current output file.1
                                                 
1 This conditional (Con) expression was used in the spatial analyst calculator to fill empty data cells 
(Crawford, 2008b). In this example the output file is called ‘output’: 
  The Con expression helps fill 
in data empty cells by analyzing the values of surrounding cells.  The Con expression was 
 Con(IsNull([output]), FOCALMEAN ([output] , RECTANGLE , 3 , 3, data), [output]) 
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applied twice to solve areas plagued with a multitude of empty values. Despite filling 
many of the no data cells that created the salt and pepper effect, some larger void areas 
remained.  These areas were accepted as is since the Con function is not intended to fill 
major voids (Crawford, 2008b).  This process concluded the creation of the maximum 
elevations needed for the model. 
Since the maximum elevation levels were created, the base elevation layer needed 
to be applied.  Bare digital elevation model (DEM) data was acquired from NC DOT 
GIS.  Since Chapel Hill lays partially in both counties, both Orange County and Durham 
County elevation rasters was obtained.  The two DEM county files were then mosaicked 
to a new raster applying the same maximum methods as before.  The newly created 
mosaicked file was then extracted by mask to the mosaicked LiDAR file so that their 
coverage extent would be the same.  Now that both elevation layers were created, the 
DEM elevation raster file was subtracted from the LiDAR produced elevation layer using 
a mathematical expression within the raster calculator.2
 
  By subtracting the DEM data 
from the LiDAR data, a DSM-like elevation layer was created like in figure 2 below. 
Figure 2: DSM-like elevation layer image of UNC-Chapel Hill. 
 
 
                                                 
2 The expression used in the raster calculator to create the desired elevation layer was similar to the 
following example: 
[LiDAR_elevation]-[DEM_elevation] 
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The newly created base elevation layer was then used with the area solar radiation 
tool.  The area solar radiation tool is one of the solar radiation tools available in the 
spatial analyst extension in ArcGIS that derives incoming solar radiation from a raster 
surface (ESRI ArcGIS 9.2 Desktop Help, 2008).  The output raster of using area solar 
radiation is presented in wH/m2/year.  Several factors in this tool were set including: the 
latitude for Chapel Hill (39.85 degrees); cycling to run for an entire year (2010); and 
collecting data at hourly intervals.  This tool took significant time to run (15+ hours for 
an area the size of Chapel Hill) and required several trials to get a comparable solar level 
similar to the National Renewable Energy Laboratory’s Typical Meteorological Year 2 
data (NREL TMY2).  A solar radiation level of 4.4 kWh/m2/day for Chapel Hill is 
considered average based on the NREL TMY2 Raleigh, NC dataset for a flat-plate 
collector facing south at a fixed tilt at zero degrees tilt (NREL, 1994)  See Image 2 in the 
appendix for more detailed solar radiation levels. 
After running the area solar radiation tool several times, the outputs were not 
matching the incoming solar radiation reported under the NREL TMY data.  This is a 
common issue for the tool according to Mark Greninger, the creator of the County of Los 
Angeles Solar Map.  He found the same data discrepancies in Los Angeles and adjusted 
his figures upward by 28% to match the incoming solar radiation as reported by their 
local NREL TMY2 stations (email correspondence). For Chapel Hill to reach comparable 
figures in the Raleigh data set, several of the radiation parameters in the area solar 
radiation tool were adjusted.  This included changing the diffuse proportion from the 
default of 0.3 for generally clear sky conditions to 0.2 for very clear sky conditions.  
Diffuse proportion is the fraction of global normal radiation flux that is diffused (ESRI 
ArcGIS 9.2 Desktop Help, 2008).  The solar radiation transmittivity was also adjusted 
from the default of 0.5 for generally clear sky to 0.7 for very clear sky conditions.  Solar 
radiation transmittivity is the fraction of radiation that passes through the atmosphere, 
having an inverse relation with diffuse proportion (ESRI ArcGIS 9.2 Desktop Help, 
2008).  Adjusting these factors finally created the comparable solar figures needed to 
create the solar potential map for Chapel Hill. A sample area from area solar radiation 
tool is presented in figure 3 below. 
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Figure 3: Area solar radiation returns for UNC-Chapel Hill. 
 
 
 
The next step involved separating the solar returns associated with buildings by 
extracting the new solar raster to the building footprint shapefile obtained from the Town 
of Chapel Hill.  This would remove all unnecessary solar returns from vegetation, roads, 
and bare terrain.  By using the extracted solar raster building layer, this file was 
converted to point data with each point representing 8 square feet.  Converting the raster 
to point data was necessary to create an attribute table for better data management and 
conversion. From the point file, wH/m2/year was converted to KwH/m2/day and added to 
the resulting point file data. 
The newly calculated point data field (KwH/m2/day) provides each building’s raw 
solar energy return on a daily basis.  This raw data provides Chapel Hill’s total solar 
radiation potential, but does not provide what areas are necessarily suitable for PV solar 
panels. A suitable analysis was created in the next section from this solar radiation layer 
to get areas that would see the best benefit for solar panels. Satellite imagery was added 
as a base layer to provide better visual interpretation of where higher solar returns exist 
(see image below). 
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Figure 4: Solar radiation returns in point file format for UNC-Chapel Hill central campus. 
 
 
 
Analyses 
 
Aggregate Solar Analysis  
With the application of the solar radiation tool, some basic solar statistics for the 
entire town can be determined.  The town has roughly 5,621,224 square feet of available 
roof top based on the 8 square feet cell resolution solar layer.  Of the available space, the 
average roof area gets 3.89 kWh/m2/day.  The complete roof top solar radiation for the 
town is 2,735,582 kWh/m2/day or 998,488 MWh/m2/year.  These figures represent pure 
solar radiation and do not take into count conversion or system efficiency when applied 
to these solar areas. 
If Chapel Hill were to place solar panels on the entire available roof area, the 
town could see significant benefits.  Solar panel benefits were calculated using the power 
capacity and dimensions of SunPower Corp.’s 225 Sun Panel.  SunPower Corp. was 
chosen over other companies for several reasons including having the industry’s most 
efficient panels, taking up minimal area, and producing the most energy per square foot 
(SRoeCo Solar, n.d.). Some of the SunPower Corp.’s 225 Sun Panel specifications are 
presented below, with more detailed information found in the Appendix (Images 3 & 4). 
 
Leitelt 16 
SunPower Corp. 225 Solar Panel Key Specifications* 
Peak Power 225 W 
CEC PTC Rating 207.1 W 
Warranty 25 year limited power warranty 
Dimensions 
Width 31.42 inches (2.62 feet) 
Length 61.39 inches (5.12 feet) 
*Figures from SunPower Corporation, 2008. 
 
Based on the available roof area of 5,621,244 square feet, the town could place 
374,750 of SunPower Corp.’s 225 solar panels.  The complete system would have a 
capacity of 77.57 MW of energy.  This capacity could create an annual energy output of 
107,484 MWh.  The carbon dioxide emission reductions for North Carolina are 1,134.88 
lbs of carbon dioxide reduced for every MWh of solar electricity (EPA, 2010).  Using 
this default factor, the entire roof space of Chapel Hill could have an annual reduction of 
121,980,940 lbs of CO2 emissions. See the table below for the town’s aggregate solar 
potential figures. 
 
Chapel Hill Aggregate Solar Analysis 
Total Available Roof Area 5,621,244 sq. ft. 
Number of Panels 374,750 
System Size (in MW) 77.57 
System Size (in W/day) 77,573,167 
System in Wh (4.93h) 382,435,714.3 
De-rate factor (77%) 294,475,500 
MWh/year 107,484 
CO2 Reduction Factor 
(lb/MWh) 
1,134.88 
CO2 Reduction (lbs/year) 121,980,940 
 
Solar Suitability Payback Analysis 
Once the aggregate solar rooftop area was calculated, suitable roof area for solar 
panels needed to be determined.  To find this area, a solar panel cost/efficiency ratio was 
applied to Chapel Hill by using a similar model created by the County of Los Angeles to 
calculate solar suitability (email communication with Mark Greninger).  Solar suitability 
was determined by the amount of solar insolation needed to create enough energy to 
offset the installation costs of a solar panel system.  Areas with higher solar insolation are 
more desirable for solar panels since they would generate energy faster and payback the 
costs of a solar system sooner.  This model bases its solar panel analysis on SunPower 
Corp.’s 225 Solar Panel, which has a warranty and expected lifespan of 25 years 
(SunPower Corporation, 2008).  Thus, solar suitability for Chapel Hill is based on the 
assumption that solar system costs would be paid off in 25 years.  
The cost of installing a PV system was then added to the equation.  PV system 
costs are considered to be $1,489/m2.  This was calculated by taking the average 
installation costs of $10,000 per kW divided by the 225 Sun Panel output of 4.83/kW 
(Duke Energy, n.d.).  This provides a cost per panel of $2,070, which was then divided by 
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the panel size of 1.39 m2, for a total cost of $1,489/m2. See cost estimate table below. 
 
Solar Panel Cost Estimation 
SunPower 225 Solar Panel Size 1.39  m2 
Panel Rating 207 W 
Panels/kW 4.83 
Cost/kW $10,000 
Cost/panel $2,070 
Cost/m2 $1,489 
 
The PV system cost/m2 of $1,489 was then reduced to cost/m2 with applicable tax 
credits.  Only federal and state residential tax credits were considered in this analysis.  
The federal residential renewable energy tax credit of 30% and the North Carolina 
renewable energy tax credit of 35% were applied (Database of State Incentives for 
Renewables and Efficiency, 2009 & 2010).  If homeowners were to follow the 
information provided by both of these tax rebates, then residents could receive both 
credits and save around 65% of their installation costs. This 65% tax rebate reduces the 
PV system cost to $521/m2. 
The model considers several other factors that affect suitability.  In order to offset 
the $521/m2, the average cost per kWh was applied.  In Chapel Hill, Duke Energy’s 
residential service rate is roughly $0.09 per kWh (Duke Energy, n.d.).  Over a 25 year 
period, this means that the energy created needs to offset $20.84 annually. To generate 
this level of savings, an optimal installed solar system should create 231.56 kWh/m2/year 
of energy. 
After determining the amount of created solar energy needed to offset costs, the 
adequate solar insolation level was established. The desired energy creation of 231.56 
kWh/m2/year was divided by a panel efficiency of 18% and system efficiency of 90% to 
find the sufficient solar insolation (SunPower Corporation, 2008).  The annual solar 
insolation was then converted to kWh/m2/daily.  Using this methodology, a solar 
radiation level of 3.91 kWh/m2/day was found suitable for a 25 year payback.3
Based on the minimum solar radiation of 3.91 kWh/m2/day for a 25 year payback, 
statistics about suitable solar areas can be determined.  Suitable roof top area is around 
3,113,856 square feet and approximately 207,590 panels with a capacity of 42.97 MW of 
energy.  This capacity could create an annual energy output of 59,540 MWh with a 
reduction of 67,570645 lbs of CO2 emissions when using the carbon dioxide emission 
reduction factor of 1,134.88 lbs for every MWh of solar electricity (EPA, 2010). See 
below for a table of the town’s suitable solar potential figures and a sample suitable area 
map.  
 
 
 
                                                 
3 To determine suitable solar areas in kWh/m2/year , the following equation was created (derived from 
communication with M. Greninger): 
[System Cost] / [System Lifespan] / [Cost/kWh] / [System Efficiency] / [Panel Efficiency] / [Daily] 
 
   When applying Chapel Hill factors, the equation provides the following results: 
$521 / 25 years / $0.09/kWh / 90% / 18% / 365 days = 3.91 kWh/m2/day 
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Chapel Hill Suitable Solar Analysis 
Total Suitable Roof Area 3,113,856 sq. ft. 
Number of Panels 207,590 
System Size (in MW) 42.97 
System Size (in W/day) 42,971,213 
System in Wh (4.93h) 211,848,079 
De-rate factor (77%) 163,123,021 
MWh/year 59,540 
CO2 Reduction Factor 
(lb/MWh) 
1,134.88 
CO2 Reduction (lbs) 67,570,645 
 
 
Figure 5: Suitable solar areas around the Polk Place area of the UNC-Chapel Hill campus. 
 
 
 
Solar Suitability Payback Analysis Incorporating Inflation 
 The above analysis neglects inflation and uses Duke Energy’s residential service 
rate of roughly $0.09 per kWh as the default energy cost throughout the entire 25 year 
payback period.  Although it is nearly impossible to predict future energy costs per kWh 
accurately, it can be assumed that the cost of kWh will not be static over 25 years.  To 
account for any increases in electricity costs, another solar suitability analysis was 
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applied, this time taking into account the $0.09 per kWh with an annual inflation of 3% 
over the 25 year period. 
 In order to payback the rebated PV system cost of $521 per m2, an installed solar 
system must generate 150.17 kWh/m2/year. After applying the 90% system efficiency 
and 18 % efficiency constants, suitable solar insolation is decreased from 3.91 
kWh/m2/day to 2.53 kWh/m2/day.4
Based on the minimum solar radiation of 2.53 kWh/m2/day for a 25 year payback, 
statistics about suitable solar areas incorporating inflation can be determined.  Suitable 
roof top area is around 4,516,416 square feet and approximately 301,094 panels with a 
capacity of 62.33 MW of energy.  This capacity could create an annual energy output of 
86,358 MWh with a reduction of 98,006,183 lbs of CO2 emissions when using the 
carbon dioxide emission reduction factor of 1,134.88 lbs for every MWh of solar 
electricity (EPA, 2010). See below for a table of the town’s suitable solar potential 
figures and a sample suitable area map.  
 
 
Chapel Hill Suitable Solar Analysis Incorporating Inflation 
Total Suitable Roof Area 4,516,416 sq. ft. 
Number of Panels 301,094 
System Size (in MW) 62.33 
System Size (in W/day) 62,326,541 
System in Wh (4.93h) 307,269,846 
De-rate factor (77%) 236,597,782 
MWh/year 86,358 
CO2 Reduction Factor 
(lb/MWh) 
1,134.88 
CO2 Reduction (lbs) 98,006,183 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
4 To determine suitable solar areas in kWh/m2/year with inflation, the following equation was created: 
[System Cost] / ∑ P(1+r)n...25 / [System Efficiency] / [Panel Efficiency] / [Daily], where P=principle 
amount, r=interest rate, and n=years 
 
   When applying Chapel Hill factors, the equation provides the following results: 
$521 / ∑ .09(1+.03)n...25 / 90% / 18% / 365 days = 2.53 kWh/m2/day 
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Figure 6: Suitable solar areas including energy cost inflation factors around the Polk Place area of the 
UNC-Chapel Hill campus. 
 
 
 
Limitations of Solar Map 
 
 One of key components of creating a solar map is identifying the limitations of 
the data and subsequent analysis.  The creation of this map is not intended to be a final 
analysis, but is intended to give users a general understanding of where solar panels 
would be suitable.  The purpose of this map is to give homeowners and businesses who 
are interested in applying solar panels to their property some basic understanding before 
getting substantially involved in the installation process.  This map is only an 
informational tool.  Ultimately, homeowners and businesses should contact a solar 
professional to discuss the feasibility of solar technology for their property. 
 Since this solar map is not a detailed analysis of every structure in Chapel Hill, 
some liberties were taken. For one, the baseline GIS data used is not the most detailed. 
Unlike major cities, Chapel Hill does not have access to DSM data and high resolution 
imagery.  Instead, the map was created using DEM and the maximum returns of raw 
LiDAR imagery. This created a “pseudo-DSM” elevation layer for this analysis. 
Unfortunately due to the spacing of LiDAR data and the need to limit large voids empty 
data cells, the cell size for this analysis was set to 8 ft2.  This is quite a significant size in 
comparison to other solar maps like Los Angeles, which based their cells on a 5 ft2 
analysis. 
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 In addition, the age of the data is quite significant.  The DEM and LiDAR data are 
over five years old.  Since the LiDAR data is not current, vegetation levels could have 
significant changed in some areas.  Representatives from Chapel Hill claim that the 
building footprint layer used to identify buildings in this analysis is updated weekly, yet 
there are some recent buildings missing within the layer and are thus neglected in the 
analysis.  
 Due to the large cell size, some roof top attributes are not accurately portrayed.  
Slopes are grossly generalized and are only visible on larger structures or in areas with 
steep drop offs.  Roof features that are typically recognized and accounted for using 
CH2M Hill’s SAFE technology were also neglected, which means that existing roof 
elements were also accounted for in the available solar area.  Along with the typical roof 
elements, this analysis also includes structures lacking rooftops, like stadiums and 
parking structures.  In addition, the large cells underestimated the town’s available roof 
area.  As mentioned, this analysis determined the town has a rooftop area of around 5.62 
million square feet. When looking at the statistics provided by the building footprint 
layer, the town’s rooftop area is 5.83 million square feet.  This means the solar radiation 
cells underestimated the available roof space by 3.6%. 
It is also important to note that the area solar radiation tool is not necessarily the 
most accurate tool.  To obtain the desired levels of solar radiation across Chapel Hill, the 
solar radiation tool was adjusted to show diffuse proportion and transmittivity at levels 
similar to very clear sky conditions.  This adjustment created solar levels that were 
similar to the local NREL TMY2 data published by the Department of Energy.  Other 
solar maps used similar methods to get desired figures.  Although the ArcGIS area solar 
radiation tool does not always provide the most accurate analysis, it is still the most 
accessible and easiest to use in creating solar maps. 
  When developing the solar suitability analysis, there were some assumptions 
made as well.  The suitability analysis is dependent upon applying a particular PV solar 
system, in this case Sunpower Corp. 225 Sun Panel.  This panel is considered highly 
efficient, yet may cost significantly more than what is available.  Also, the flat rate of 
$10,000 is on the higher end of average installation costs for residential application and is 
significantly higher than the average costs for larger commercial systems.  
When applying tax credits to reduce installation costs, the 65% tax rebate in the 
analysis refers only to residential applications and personal tax credits.  There are also 
restrictions to these rebates, like solar energy systems attempting to receive the 35% 
North Carolina tax rebate cannot exceed $10,500 (Database of State Incentives for 
Renewables and Efficiency, 2009).  Corporate tax rebates are significantly higher with 
less restrictions, yet these rebates were negated in order to provide analysis for a wider 
residential audience in Chapel Hill. 
 
Conclusion 
 
Solar mapping can be a great tool for planners and municipalities who are trying 
to encourage communities to adopt solar technology.  Creating a solar suitability map for 
the Town of Chapel Hill has proven that with minimal data and resources, almost any 
community can create their own generalized solar suitability map.  Basically the creation 
of a potential solar map is based on two processes.  First, creating an elevation layer and 
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applying the area solar radiation tool.  Second, applying the appropriate suitability factors 
to determine which areas are appropriate for rooftop solar energy. The information 
provided in this report is helpful to the residents and businesses of Chapel Hill who are 
thinking about applying photovoltaic solar panels on their structures. 
Municipal solar maps are a critical tool of information sharing and can be applied 
in every community, even those with minimal solar energy capabilities.  The creation of 
solar maps usually corresponds with other sustainability efforts like energy dependency 
or carbon reduction programs.  By creating these maps, the hope is that businesses and 
homeowners will at least become interested in applying solar energy and will contact a 
solar installer for a more detailed estimation.  This project has shown that municipal solar 
maps are part of a new way for planners to disseminate valuable information to their 
communities.
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Appendix 
Image 1: Los Angeles Solar Model (Greninger, 2009). 
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Image 2: National Renewable Energy Laboratory’s Typical Meteorological Year 2 for 
Raleigh, NC (NREL, 1994). 
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 Image 3: Sunpower 225 Solar Panel, Page 1 (SunPower Corporation, 2008). 
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 Image 4: Sunpower 225 Solar Panel, Page 2 (SunPower Corporation, 2008). 
 
 
 
 
